Biomass gasification: field monitoring results by Mendis, M.S. et al.
Biomass 19 (1989) 1-18 
Biomass Gasification: Field Monitoring Results 
M. S. Mendis 
World Bank, Washington, District of Columbia, USA 
H. E. M. Stassen & H. N. Stiles* 
Biomass Technology Group, University of Twente, PO Box 217, 7500 AE Enschede, 
The Netherlands 
Part I 
ABSTRA CT 
On 1 July, 1983 the World Bank, for the United Nations Development 
Programme (UNDP), initiated a programme to monitor and compile 
uniform data on small-scale (less than 1 MW) biomass gasifiers operating 
in developing countries. To date 12 units, scattered across the globe, have 
been evaluated; four of the monitorings being carried out by the Biomass 
Technology Group on behalf of the World Bank. Part I presents data 
gathered from two of those four gasifiers. The Burundi case study 
highlights the need for gasification technology to be suited not only to the 
energy demand, but also to the fuel characteristics. The Seychelles case 
study presents a more typical modern installation and clearly shows the 
sort of problems that have to be overcome with relatively new gasification 
units. Part II continues with two more case studies and indicates the 
conclusions that can be drawn from the data presented. 
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INTRODUCTION 
There is always a difference between the performance ofa reactor in the 
laboratory and one in commercial operation. In developed, industrial 
countries uch differences present no real problem; the infrastructure 
allows skilled scientific personnel to attend to the problem quickly, with 
little disruption and only limited expenditure. 
In Developing Countries the picture is rather different. Once the 
installation and commissioning engineers have departed, a unit must 
perform in a predictable manner, and certainly within the experience and 
training of the operators. There can be no quick, low-cost call outs; any 
technical support is expensive and slow to arrive. It is therefore 
imperative that technology targeted at Developing Countries must be 
tried, tested and tailored to the situation in an attempt o ensure that 
operational problems are limited to those within the capabilities of the 
staff. 
Nowhere are these statements more true than in the case of biomass 
gasifiers for use in Developing Countries. In Europe, following the boom 
in gasification during the Second World War, the technology had fallen 
out of favour. However, comparatively recently, in Developing Countries, 
a resurgence of interest has occurred, with many completely new units 
being installed. Why this should be so becomes obvious when the 
common denominators of these countries are enumerated. They are 
typified by mounting foreign debts, heavy dependence on imported oil 
and possession of a rich biomass resource. This leads to biomass 
gasification being a highly favoured energy option, using, as it does, local 
fuel resources (which are often classified as 'waste' and so have zero, or 
even negative, financial value) to displace xpensive, imported oil. 
In the early 1980s the World Bank identified several new and renew- 
able energy technologies with perceived potentials for contributing to the 
energy needs of Developing Countries. One technology in particular, 
thermal gasification of biomass, was already in wide use in Brazil and the 
Philippines and it was felt that this technology could be of assistance in
Developing Countries in converting indigenous biomass resources into 
usable forms of energy, such as electricity and process heat. 
However, there were very little reliable or verifiable data on actual 
field performance of the technology with which to make sound invest- 
ment decisions. Furthermore, the technology was rapidly being 
introduced in other Developing Countries under various donor assist- 
ance programmes, but many of these projects were failing to meet 
expectations. In the light of these developments, the World Bank, in 
coordination with the United Nations Development Programme 
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(UNDP), initiated aprogramme in July 1983 to uniformally monitor and 
compile reliable technical, economic, social and environmental data on 
the actualfield performance of the technology. This new information was 
to serve as a guide for investment decisions relating to the technology. 
To undertake the field monitoring, the World Bank, in coordination 
with the Producer Gas Round Table and the Biomass Technology Group 
of the University of Twente, published etailed guidelines for the field 
monitoring of small-scale biomass gasifiers. This document, entitled 
'UNDP/World Bank guidelines for the field monitoring of small-scale 
biomass gasifiers', 1 contains tandard forms and data sheets which can 
be copied and filled-in as required. In this way it was hoped that the 
monitoring programme could be carried out by a number of different 
organisations and produce compatible results. In addition, the inclusion 
of forms ensured that no salient points would be missed. 
The programme has so far covered 12 gasifiers (four in Brazil, four in 
the Philippines and one each in Burundi, Marl, The Seychelles and 
Vanuatu) and is scheduled to continue with units in Indonesia, the South 
Pacific and Paraguay. The eventual aim is that, when all the gathered ata 
are reviewed as a whole, it will be possible to identify the technical 
designs, fuel specifications, economic and social conditions and operator 
skills necessary to ensure successful gasification projects. These findings 
would then be published as a handbook for the benefit of both donor 
agencies and Developing Countries. 
BIOMASS TECHNOLOGY GROUP GASIFIER MONITORING 
The Biomass Technology Group (BTG) of the University of Twente has 
been involved with the project since its inception and has performed four 
of the 12 monitorings carried out to date. Some of the findings from 
these monitorings have already been presented elsewhere, 2 but the level 
of interest expressed was such that the authors believe a more detailed 
presentation f data would be widely welcomed. 
The four gasifiers which have been monitored by the BTG were in 
Burundi, 3 the Seychelles, 4 Vanuatu 5 and Mali. 6 The range of units 
covered was wide; from 25 kW to 160 kW capacity; from a new installa- 
tion to one 20 years old; from a plant which was extremely unsuccessful 
to one which ran like clockwork. For each case a brief summary of the 
findings is presented, followed by a description of the background and 
layout of the unit. Nineteen important parameters are then detailed 
which, as a whole, enable a good impression of the overall unit perform- 
ance to be obtained. 
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Two of the gasifiers are presented below. The other two are described 
in Part II and are followed by a summary of the data and a presentation 
of the conclusions that can be drawn. 
BURUNDI 
The unit was a 45 kVA downdraft peat-fuelled gasifier. It was installed in 
1983 in a factory and monitored in 1985, at which time no details of the 
hours the unit had worked were available. With the connection of the 
factory to the electricity grid and the generally poor performance of the 
installation, the unit has since been dismantled. This unit was extremely 
operator unfriendly and was characterised by sloppy installation 
engineering. It could not perform to specification since it was ill-suited to 
the feed material. It possessed limited tar removal ability and satisfactory 
dust removal at only low flow rates. Economically it was extremely 
unattractive. 
The unit was installed in a tea factory some 64 km distant from 
Bujumbura, the Burundian capital, at an altitude of 2200 m. The factory 
was not connected to the power grid at the time of testing, although plans 
were well advanced for a link-up in the near future. The factory relied for 
its power on two diesel generating sets of 260 kVA each and a 45 kVA 
Daimler-Benz generating set which had been converted to dual-fuel 
(diesel/producer gas) operation. Originally operated as a power supply 
for staff housing during the night, low load factors and low running hours 
had led to a portion of the tea factory load being transferred to the 
gasifier installation. This achieved a higher maximum load, but the inter- 
mittent power consumption of the factory made it impossible to achieve 
a high stable load pattern on the gasification unit. When monitored, the 
gasifier was only used for night-time power and during periods of factory 
shut down. 
The gasifier, of European origin, was rated by the manufacturer ata 
maximum gas flow of 360 Nm 3 h-  J with a maximum gas heating value of 
3970 kJ Nm -3 for a fuel having a minimum density of 400 kg m -3 and 
maximum dimensions of 50 mm × 50 mm x 50 mm, with a maximum air 
humidity of 20%. The manufacturer, after tests, asserted that the chosen 
feedstock (peat) could be gasified without problems in the unit. (In the 
invitation to tender, ash contents of 8-12% were mentioned, whereas in 
fact the gasifier feed had an ash content of around 21%, dry weight basis.) 
For the three months prior to the monitoring, the gasifier had not been 
invitation to tender, ash contents of 8-12% were mentioned, whereas in 
operator being seriously ill, it was strange that no arrangements for a 
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substitute operator had been made. It was concluded that this was 
indicative of dwindling interest in the gasification system occasioned by 
the unit operating well below expectations. A substitute operator was 
provided for the monitoring, but his lack of experience meant that a 
significant part of the monitoring team's time was taken up with actually 
operating the installation. 
A schematic diagram of the installation is shown in Fig. 1. The instal- 
lation can be broken down into three distinct parts: the gasification 
system proper comprised of the gasifier, the gas cleaning section, the gas 
cooling section and the producer gas booster fan; the engine adaption 
system comprising a venturi gas/air mixer and an electronic speed 
controller; and the diesel generator set comprising the Daimler-Benz 
diesel engine and a Munck-Moes generator. 
The gasifier was an Imbert-style, downdraft gasifier, having 12 tuyeres 
and a double-walled arrangement of the bunker and oxidation zones, 
which preheated the gasification air. In addition, the product gases, after 
leaving the reduction zone, were channelled back towards it by passing 
through the annulus existing between a pair of pipes which ran from 
under the grate to just below the throat. At the top, which was closed, the 
gas was directed ownwards through the central pipe. This was intended 
to be a means of cracking tar remaining in the gas. The gasifier had a 
movable grate and was fitted with an ash box which the manufacturer 
claimed could be emptied uring short shutdowns of the unit. 
The gas cleaning section consisted of a cyclone, a wet filter in which 
the gas was bubbled through water, a condensate vessel and an oil 
bath/straw filter. The wet filter served to transfer gas and dust from the 
gas phase to the water phase and also provided additional gas cooling. 
The gas cooler was a free convection type, vertical finned pipe 
followed by a forced convection type gas cooling box equipped with 
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finned pipes and air cooled by means of a fan. The final gas cooling took 
place in the wet filter (see above). 
The gas booster fan served two purposes. Firstly, it provided the 
initial gas flow through the installation during start up, and secondly, 
during running, it increased the delivery pressure of the gas to the engine 
to approximately atmospheric pressure. 
The engine was a six-cylinder in-line, 5.7-1itre Daimler-Benz BD 
352 (42 kW at 1500 rpm by DIN 6270). Assuming a lower gas heating 
value of 4.0 MJ Nm -3, a 20% diesel fuel and 80% gas operation and a 
30% engine efficiency, the maximum mechanical power output was 
limited to 26 kW, higher load factors being obtainable only through 
increased use of diesel. 
During the course of the monitoring, a number of operational 
difficulties became apparent. These, with their causes, are detailed 
below. 
(1) The installation was incapable of drawing a reasonable gas flow 
through the gasifier system. This was because the charging 
current from the engine's alternator was insufficient to cover the 
power consumption of the booster fan, which then had to make 
up the difference from one of the engine's 12 V batteries. After a 
while the battery ran low and the fan stopped. Since the venturi 
gas/air mixer could only work satisfactorily with the gas being 
delivered at atmospheric pressure, the gas/air ratio became 
incorrect which led to increased iesel fuel consumption. 
(2) The low battery voltage was due to the booster fan motor being 
connected to only one of the two 12 V batteries comprising the 
engine's 24 V electric system. The charging current of the 
engine's alternator was therefore insufficient to keep this battery 
charged and, since both batteries were connected in series, the 
other battery became overcharged, leading to production of 
gaseous hydrogen and oxygen which could have formed an 
explosive mixture. Had the fan been equipped with a 24 V 
instead of a 12 V electric motor, the alternator current would 
have been sufficient. 
(3) The grate shaking system of the gasifier was ill-matched to the 
process conditions (high temperatures and abrasive materials). It
was often not working during the monitoring, resulting in poor 
evaluations of the unit since, with Burundian peat, regular 
shaking of the grate is essential for maintaining a reasonable gas 
quality. 
(4) The ash compartment on the gasifier was not designed for high 
ash content fuels, such as Burundian peat. It was filled after a few 
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hours' running not only with ash, but also with char resulting 
from the frequent shaking of the grate performed in accordance 
with the operating manual. In such cases the reduction zone 
ceased to work properly and the installation moved from a 
gasification to a pyrolysis/combustion mode. This resulted in a 
lower heating value of the producer gas. 
(5) Very often, clinker formation occurred at the edge of the hearth 
zone. Although this problem might have stemmed from the small 
size of the ash compartment, i  was also observed in experiments 
of only short duration, indicating a problem arising from the 
actual ash content of the peat (quality and fusion temperature). 
(6) The cooler fan for forced convection was situated in the cooler 
system itself. This often reached temperatures above 250°C and 
resulted in an eventual motor burnout. It proved impossible to 
dismantle the fan without opening the rivetted and welded 
cooler housing. 
(7) The switch for the gas cooler fan broke. 
(8) The cover on the top of the vent pipe stuck closed several times 
owing to tar deposits. This difficulty could easily be overcome by 
easing the cover open using a stick, but the problem was that the 
operator usually took a considerable time to notice what was 
wrong and then to take corrective steps. 
(9) The spindle fitting design for the ash grate leaked air at high 
temperatures. 
(10) The hand-operated ash grate handle became very hot and could 
only be used with the protection of a pair of gloves. 
(11) Removal of ashes from the ash compartment proved not to be 
possible during short shutdown periods because of the high 
temperature of the gasifier. A minimum shutdown period of four 
hours was required before the ash bin could be emptied. 
(12) Removal of the ashes from the ash compartment without 
disturbing the contents of the reduction zone proved to be a 
skilled job. Disturbance of the grate assembly required the 
complete mptying and refilling of the gasifier. 
(13) The cyclone in the gas cleaning system was identified as a source 
of air leaks. It was unclear whether this was because of general 
corrosion or poor construction. 
In summary, it was concluded that the unit was characterised by 
sloppy installation engineering; many of the operational problems 
associated with the unit stemmed from insufficient attention to detail by 
the designers and manufacturers of the equipment. 
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Burundi gasifier performance characteristics 
Gasifier conversion efficiency 
Measured gasifier efficiencies lay between 20 and 59%, the efficiency 
falling as a run progressed. This coincided with the shift of the gasifier 
from a gasification to a pyrolysis/combustion mode. If this shift could 
have been prevented (for instance, by continuous ash removal), gasifier 
efficiencies between 45 and 60% could have been obtained with 
Burundian peat. 
Gasifier outlet emperature 
In most experiments he outlet temperature rose to around 550°C, 
clearly indicative of a move away from a gasification to a combustion 
mode of operation, probably resulting from the complete filling of the 
ash compartment. 
Dust and tar content (raw gas) 
The level of tar in the raw gas varied between 181 and 1135 mg Nm- 3 
The lowest value corresponded to when the gasifier operated in com- 
bustion mode (gas calorific value 1.8 to 0.2 MJ Nm-3). If a maximum 
acceptable tar content of 150 mg Nm -3 is taken, then the gasifier 
displayed reasonable to poor tar cracking ability. At low gas flows, the 
dust content before the filter section averaged 326mgNm -3. At high 
gas flow rates a lower figure of 213 mg Nm- 3 was recorded. 
Pressure drop (gasifie 0
The pressure drop was low and constant, even after allowing for the low 
gas throughput. I  rarely rose above 5 cm water and the highest pressure 
drop recorded uring the monitoring was 14.1 cm water. Hence, in this 
gasifier design, Burundian peat presents no pressure drop problems in the 
reduction zone. 
Ash 
Analysis of the ash indicated a high carbon content (46%) caused by 
frequent use of the grate shaker. The fusion temperature was also found 
to be around 1500°C. This data, combined with visual inspection of 
clinker in the gasifier, led to the conclusion that high localised tempera- 
tures, resulting in ash fusion, were being obtained through channelling. 
This also explained the surprisingly low pressure drop over the gasifier 
and the low reactivity which can be deduced from the gas composition 
data. 
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Performance of gas conditioning system 
The pressure drop can be divided into three parts. 
(1) The first cyclone and cooler: the pressure drop varied between 4 
and 25 cm water. Given the low gas flows, such a high pressure 
drop may indicate abad cyclone design. 
(2) The wet scrubber: the pressure drop here was a function of the 
performance of the gas booster fan. When the fan was working 
properly, the pressure drop was only 2 cm water. However, when 
the fan stopped the pressure drop increased to 14 cm water. 
(3) The water separator and oil bath/straw filter: the pressure drop 
was negligible at 2 cm water. 
The overall pressure drop was therefore between 8 and 41 cm water and 
was also fairly constant. This size of pressure drop is quite acceptable 
and the reasonably constant value implies a low maintenance r quire- 
ment. 
The cooler was always able to bring the gas temperature down to 
below 70°C from 500°C and was therefore deemed to be working 
acceptably. 
Dust and tar content (clean gas) 
Tar content after the filter section could not be determined owing to the 
presence of the oil bath filter. The tar measuring procedures could not 
distinguish between tar and oil, hence no useful results could be 
obtained. At low gas flows, the dust content after the filter section was 
considerably lower than before it; mean values were 326 mg Nm -3 
before the filters and 88 mg Nm -3 after it. Thus the system removes 
dust; however, the level after the filters is still rather high (recommended 
maximum for an engine is 50 mg Nm-3). At high gas flow rates there was 
no significant difference between the raw and the clean gas dust contents 
(both 200 mg Nm-3). This was due to the design of the scrubber 
where high gas flows increased bubble size and so reduced contact time 
which also reduced the cleaning efficiency. 
Gas composition 
The carbon monoxide concentration fell with time, whilst the carbon 
dioxide concentration i creased. This was further evidence for the 
gasifier becoming a combustor as running time increased. 
Gas calorific value 
The highest value recorded was 3"57 MJ Nm -3 shortly after system 
start-up with new charcoal. Usually heating values for the first few hours 
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of operation lay between 2 and 3 MJ Nm -3. Thereafter the heating 
values declined to practically zero. 
The maximum gas flow through the gasifier was limited by the 
capacity of the engine-venturi combination and the poor performance of 
the producer gas booster fan. The maximum gas flow that could be 
sustained was 45 Nm 3 h -j, which was very low when compared with the 
manufacturer's specification of 360 Nm 3 h- t. This difference explained, 
in part, the very low gas heating values which were measured. It can 
therefore be concluded that the gasifier and the engine/generator c m- 
bination were very badly matched. 
Engine/generator efficiency 
At a load of 8 kW, the full diesel oad efficiency was 16%, and for the 
dual-fuel mode it was 13%. At 24 kW, the efficiencies were 28.5 and 
27.5% for full diesel and the dual-fuel mode respectively. The limited gas 
flow, the low volumetric efficiency and the low gas heating value all 
contributed toa high diesel consumption. Diesel fuel replacement varied 
from 10 to 45%, hence a smaller eduction of engine efficiency when 
working at higher dual-fuel load compared to full diesel mode. 
Engine fouling 
No evidence of engine fouling was found and engine performance was 
satisfactory. 
Engine exhaust gas composition 
An analysis of carbon monoxide and oxygen concentrations in the 
engine xhaust led to the conclusion that the maximum load that could 
be obtained in dual-fuel operation was around 28 kW. Higher loads 
would have required more diesel. Lower loads would have required less 
diesel if higher gas flows could have been obtained. 
Engine lubrication oil analysis 
It was concluded that the frequency of oil changes needed to be 
increased to every 300 h running time and that the engine bearings were 
in bad condition. 
Overall system efficiency 
Since the system was operated as a dual-fuel and not as a full gas unit, 
this parameter is not particularly meaningful and hence is not presented. 
Condensate analysis 
The condensate was sufficiently harmful that frequent exposure of skin 
to it should be avoided. However, the analysis also showed that it was 
bio-degradable within a reasonably short ime period. 
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Carbon monoxide missions 
Mean concentrations lay between 20 and 40 ppm. However, in the 
presence of unfavourable wind conditions, concentrations in the 
immediate vicinity of the gasifier rose to a maximum of 150 ppm 
(enough for prolonged exposure to give rise to a mild headache). This 
was ascribed to the presence of engine exhaust gases in the area, rather 
than the presence of producer gas. 
Economics 
The installation made no economic sense. Savings of diesel fuel were 
wiped out by labour, peat and charcoal costs. The addition of deprecia- 
tion and maintenance costs caused the installation to be very 
uneconomic. Even if the specified performance could have been 
achieved, the installation would still not have been economic when 
compared to straight diesel generation. 
Conclusions 
The gasifier provided very low diesel fuel savings. A better performance 
would have resulted from a better gasifier/engine match. Also required 
were a continuous ash removal system and a larger scrubber unit. 
The engine bearings needed replacing, but this could not be attributed 
to dual-fuel mode operation. 
It was noted that the fuel provided was in pieces larger than originally 
anticipated. It also had a higher ash content (21% as against 11%). 
However, use of peat in keeping with the specifications, whilst it would 
have improved the situation, would ultimately have been no solution. 
SEYCHELLES 
The Seychelles unit, although not without shortcomings, gives a much 
better impression of a typical modern-day biomass gasification system. It 
was commissioned in 1984 and, at the time of monitoring in 1986, had 
worked some 450 h and generated 6.85 MWh. It was a 40 kVA down- 
draft wood (and wood/coconut husk mix) gasifier. 
The unit had a number of small, but irritating, design faults. It 
performed slightly below specification with respect o power output, 
overall efficiency and gas production rate. It performed well as regards 
gas cooling, pressure drops, gas calorific value and dust removal but 
possessed only limited tar cracking ability. The nature of the condensate 
produced and its disposal gave some cause for concern. The economics 
were generally favourable. 
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The unit was installed on the main island of The Seychelles, Mahd, 
some 15 km distant from Victoria, the capital. The unit is owned by the 
Technology for Development Division (TDD) which is part of the 
Ministry of National Development and is used for power generation i a 
testing research and development programme. The power is produced 
by either a 45 kVA dual-fuel or a 40 kVA full gas generator set. During 
the monitoring, the latter set was in use. 
A schematic diagram of the installation is shown in Fig. 2. The instal- 
lation can be broken down into four distinct parts: the gasifier; the gas 
cleaning and cooling section; the generating set; the fuel processing and 
handling equipment. 
The gasifier is an Imbert-style, downdraft gasifier, having eight uyeres 
and a double-walled arrangement of the oxidation and reduction zones 
for the gas outlet to provide better insulation for the hottest parts of the 
gasifier. There is no provision for additional tar cracking. The ash com- 
partment occupies the lower part of the gasifier. The ash grid shaker 
allows the whole of the reduction zone and part of the oxidation zone to 
be moved. Ash removal can be easily achieved through an access port to 
the ash hopper. Start up draft is provided by a petrol driven fan ( 1.5 kW, 
50 m 3 h-l  maximum). The gasifier is also equipped with a disposal tank 
in which condensed pyroligneous products from the upper part of the 
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Fig. 2. Gasification installation in the Seychelles. 
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gasifier are collected. Emptying is by means of a valve. The manufac- 
turer's specifications are for a maximum fuel gas output of 819 MJ h- 
(or 156 m 3 h -1 at an assumed heating value of 5250 kJ m-3). The 
specified gasifier efficiency is 85% and the maximum fuel input is 48 kg 
h-l 
The gas cleaning section consists of a cyclone separator, a bub- 
bler/cooler, two identical charcoal/sawdust fil ers and a synthetic fibre 
cartridge filter. The cyclone is situated next to the gasifier outlet and the 
dust bin can be emptied by means of a screwed connector. It is followed 
by a free convection type of cooler consisting of three horizontal pipes, 
each 2.5 m long. With the cooling achieved in the bubbler/cooler, the 
manufacturer specifies a maximum temperature drop of 300°C at full 
load. 
The bubbler/cooler contains three baffles which dip into water. The 
arrangement is such that the gas, in the form of bubbles, is passed 
through the water twice. This filter allows transfer of tar and dust from 
the gas to the water phase and also provides additional gas cooling. The 
water level in the filter changes with gas flow rate and the moisture 
content of the fuel, being higher when the gas flow rate is low and/or the 
fuel moisture content is high. 
The charcoal/sawdust filters are situated after the bubbler/cooler. 
Their lower part is filled with water whilst the upper section contains a
mixture of charcoal and sawdust. Originally the solid medium was cork, 
but this proved to be an ineffective material for tar removal and was 
replaced. For each filter the gas is introduced, as a jet, into the water and 
then rises up through the filter materials. Finally the gas is passed 
through a fibre cartridge filter with a total volume of 0.3 m 3. The filter 
contains eight vertical cartridges covered with a washable filter material 
and is equipped with a drain tap. 
The generating set comprises an Alsthom Atlantique full gas engine, 
coupled to a Leroy Somer generator. The engine is a six-cylinder 
in-line, 5.97-litre, air-cooled model, originally built as a four-stroke 
diesel motor but modified to spark ignition. The specified output at 
2000 rpm is 40 kVA (32 kW) for full gas operation. The specified fuel 
consumption at the maximum continuous power output is rated at 3.1 
Nm 3 producer gas kWh -~ (1-16 MJ Nm -3 or 1-25 kg, 15% moisture 
content, wood kWh-1). The specified efficiency is 30%, although the 
manufacturer does not state the power output at wtiich this is achieved. 
The conversion from diesel to full gas operation was performed by the 
manufacturer p ior to shipment to The Seychelles. The generator is a 35 
kW Leroy Somer three-phase generator with a specified efficiency of 
93%. It is driven from the engine by a belt system. 
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The fuel processing and handling equipment is fairly limited. Initially 
the fuel is dried on site to around 15% moisture content (wet basis) in the 
open air and it is then reduced in size by a bench saw and a husk 
chopper. The recommended wood fuel size is 5 cm × 5 cm x 5 cm and 
for coconut husk 10 cm × 5 cm x 5 cm. 
As in the case of Burundi, there were a number of features in the 
design that were less than satisfactory. These were: 
(1) The pipes to drain off the pyroligneous condensate from the top 
of the gasifier became asily plugged by tar and dust but could 
only be cleaned from inside the gasifier. A modification to allow 
external cleaning was necessary. In addition, the disposal pipe 
needed to be replaced by one of a larger diameter to avoid it 
becoming blocked by viscous tar. 
(2) The valve between the pyroligneous condensate outlet at the top 
of the gasifier and the pyroligneous disposal tank was out of 
order, thereby stopping the emptying of the tank. The reason for 
this failure required identifying and then suitable corrective 
measures needed to be taken. 
(3) The condensate drain taps on the coolers and filters needed to 
be relocated at the base of the housing otherwise complete 
drainage was impossible. Without this, comparisons of con- 
densates from different feedstocks or different process condi- 
tions cannot be performed since any liquids collected contain 
some material resulting from previous runs. 
(4) The grate shaking handle ought to have been fitted with some 
heat resistant material, because it became xtremely hot during 
operation and therefore difficult and uncomfortable touse. 
(5) On occasion it proved necessary to poke the fuel in the hopper 
of the gasifier. This was a hazardous operation and therefore 
there was a need for a mechanical poking device. 
(6) The screw feeder to the gasifier proved unsuitable for the all 
wood and the wood/husk feed. It needed to be adapted or 
redesigned. 
(7) Oil analysis from the engine showed high silica levels, indicative 
of poor filtering of the engine combustion air. 
(8) The pyroligneous disposal tank had to be emptied shortly after 
shutdown, otherwise thick tar settled over the top of the valve 
and prevented rainage. 
(9) Slagging was an infrequent problem, but could be totally 
eliminated by more frequent shaking of the grate. This would, 
however, result in higher levels of carbon in the ash. 
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(10) The condensate was not recycled. This not only represented a 
waste of energy, but also created a disposal problem. 
Seychelles gasifier performance characteristics 
Gasifier conversion efficiency 
The gasifier worked fairly close to expectations, returning between 70 
and 77% efficiency on pure wood feed and between 56 and 65% 
efficiency on a wood/husk feed. The efficiency was reduced when 
running with wet feed and/or low power loadings. The addition of coco- 
nut husk to the feed was also shown to depress the efficiency. 
Gasifier outlet emperature 
This remained constant during loaded runs. Stable temperatures of 
360°C at 35 kW and 240°C at 10 kW were reached within one hour of 
starting. Allowing for the location of the thermocouple, these tempera- 
tures are indicative of a good gasification process with an effective 
reduction zone. 
Dust and tar content (raw gas) 
Tar levels in the raw gas were around 500 mg Nm -3 for low load/wet 
wood and high load/dry wood combinations. Addition of husk raised the 
low load/wet fuel level to 1150 mg Nm-3 and the high load/dry fuel level 
to 723 mg Nm -3. These figures are considerably above the accepted 
level (150 mg Nm-3) for successful engine operation. Dust levels varied 
between 10 and 294 mg Nm-3 for low and high load, wood-fuelled runs, 
respectively. The use of a wood/husk mixture as fuel increased the dust 
levels to around 700 mg Nm -3 at low load and to nearer 1000 mg Nm -3 
at high load. 
Pressure drop (gasifier) 
The pressure drop varied between 10 cm water at 10 kW to 28 cm water 
at 35 kW. With these low figures it can be concluded that for this type of 
gasifier, wood and wood/husk mixtures present no problems. 
Ash characteristics 
Ash production was generally low (always below 
contents of up to 69% were measured. 
5%). Ash carbon 
Performance of gas conditioning system 
The four pressure drop components are: 
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(1) First cyclone, cooler pipe and bubbler/cooler: the pressure drop 
varies from around 10 cm water at 10 kW to nearer 20 cm water 
at 35 kW. These can be considered to be normal. 
(2) First charcoal/sawdust fil er: the pressure drop varies from 6 cm 
water at 10 kW to between 10 and 17 cm water at 35 kW. During 
start up the pressure drop decreases quickly in the first minute, 
due to fluidisation of the sawdust. 
(3) Second charcoal/sawdust fil er: the pressure drop was 4 cm water 
at 10 kW, rising to between 6 and 9 cm water at 35 kW. The 
difference in pressure drop over these two identical filters was 
ascribed to the difference in gas temperature. 
(4) Bag filters: the pressure drop varied between 0 and 2 cm water, 
which is negligible. The specific gas flow rate was 14 m 3 m-2. 
Hence the total pressure drop over the gas cleaning/cooling train varies 
from around 20 cm water at 10 kW to about 90 cm water at 35 kW 
which is acceptable. Maintenance requirements for the filters were low, 
but the charcoal and sawdust in the filters had to be replaced every 50 to 
100 h owing to the pressure drop increasing from tar clogging the 
material. The cooling system reduces the gas temperature from 360°C to 
50°C at 35 kW and from 230°C to 30°C at 10 kW which is satisfactory. 
Dust and tar content (clean gas) 
The gas cleaning train had little or no effect on tar content except on low 
load with a wet wood/husk feed, when the efficiency was 46%. The 
overall result was that a clean gas tar content of about 500 to 600 mg 
Nm -3 had to be dealt with. This is higher than recommended (150 mg 
Nm-3) for engine operation. The performance was much better for dust, 
with the worst case reducing the dust content from over 1000 mg Nm-3 
to around 30 mg Nm -3. Clean gas dust contents varied between 10 and 
30 mg Nm -~. The usual maximum permissible dust level for engine 
operation is 50 mg Nm-3, so this gas is sufficiently clean. 
Gas composition 
The gas composition was a strong function of the fuel type and the 
process conditions. However, in all cases the values could be considered 
normal for gasifier operation. 
Gas calorific values 
In stable operation, dry fuel yielded gas of 5 MJ Nm-3 whilst wet fuel 
produced only 4 MJ Nm -3. High loads also led to higher calorific 
values, although the differences were not so marked as with dry and wet 
fuel. 
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Engine~generator efficiency 
The efficiency varied from 9% at 10 kW to almost 21% at 30 kW. 
Engine fouling 
Deposits of aluminium hydroxide were found in the inlet manifold. This 
might have occurred through corrosion of the cylinder heads and 
analysis of the dust in the producer gas showed the presence of water 
soluble salts which could be responsible for the corrosion. 
Engine exhaust gas composition 
This indicated that combustion i  all cases was almost complete. The 
carbon monoxide and oxygen concentrations also showed that the 
gas/air atio was properly set. 
Engine lubication oil analysis 
The results of oil analysis from the engine indicated that the period 
between oil changes hould be shortened to around 50 h. It was also 
evident that the engine bearings were in poor condition. 
Overall system efficiency 
The overall efficiency varied from around 6% at a load of 10 kW to 
some 14% at a load of 34 kW. 
Condensate analysis 
The condensates from the plant showed in excess of 250 different com- 
pounds. A biological oxygen demand (BOD) analysis howed a require- 
ment of 375 mg oxygen litre -~, indicating that the water is severely 
polluted by European standards. The maximum European standard for 
surface water is 5 mg oxygen litre-~. This would imply that the con- 
densate must be heavily diluted before discharging. The condensate 
compounds positively identified suggest that frequent skin contact with 
the condensate should be avoided. 
Carbon monoxide missions 
No concentrations of carbon monoxide in excess of 20 ppm were found 
around the unit. It is situated outdoors and is extremely well ventilated. It 
was therefore concluded that carbon monoxide poisoning isnot a hazard 
associated with this unit. 
Economics 
From an economic point of view, the gasifier makes ense for the outer 
islands of The Seychelles with their much higher diesel prices and is 
economic for all loads. On the main island, with a diesel price only half 
of that elsewhere inThe Seychelles, the gasifier is only economic if run at 
high loads for long periods. 
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Conclusions 
The gasifier uns well and compares favourably with other gasifiers of a 
similar design. However the high tar content of the clean gas and the 
rapid deterioration of the engine lubricating oil are negative points. 
In Part II of this paper, the results of monitoring performed in Vanuatu 
and in Mali will be reported and conclusions will be drawn on how well 
gasifiers actually do work in the field. 
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